N

Performance of short-time spectral
parametric methods for reducing the
variance of the Doppler ultrasound
mean instantaneous frequency
estimation

H.Sava' L.-G. Durand™?®  G. Cloutier'?

' Laboratory of Biomedical Engineering, IRCM, Montréal, Québec, Canada
2Department of Medicine, University of Montreal, Montréal, Québec, Canada
3 Departments of Physiology and Radiology, University of Montreal, Montréal, Québec, Canada

Abstract—To achieve an accurate estimation of the instantaneous turbulent velocity
fluctuations downstream of prosthetic heart valves in vivo, the variability of the
spectral method used to measure the mean frequency shift of the Doppler signal (i.e.
the Doppler velocity) should be minimised. This paper investigates the performance
of various short-time spectral parametric methods such as the short-time Fourier
transform, autoregressive modelling based on two different approaches, autoregres-
sive moving average modelling based on the Steiglitz-McBride method, and Prony’s
spectral method. A simulated Doppler signal was used to evaluate the performance
of the above mentioned spectral methods and Gaussian noise was added to obtain a
set of signals with various signal-to-noise ratios. Two different parameters were used
to evaluate the performance of each method in terms of variability and accurate
matching of the theoretical Doppler mean instantaneous frequency variation within
the cardiac cycle. Results show that autoregressive modelling outperforms the other
investigated spectral techniques for window lengths varying between 1 and 10 ms.
Among the autoregressive algorithms implemented, it is shown that the maximum
entropy method based on a block data processing technique gives the best results
for a signal-to-noise ratio of 20dB. However, at 10 and 0dB, the Levinson-Durbin
algorithm surpasses the performance of the maximum entropy method. It is
expected that the intrinsic variance of the spectral methods can be an important
source of error for the estimation of the turbulence intensity. The range of this error
varies from 0.38% to 24% depending on the parameters of the spectral method and
the signal-to-noise ratio.
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1 Introduction

TURBULENCE IS an irregular eddying motion in which velocity
and pressure fluctuations occur about their mean values. These
perturbations are known to be irregular or random in time and
space, and may be composed of many small eddies or larger
vortices (STREETER and WYLIE, 1985). Turbulent flow motions
are usually decomposed into their mean and fluctuating parts.
Formally, the presence of turbulence necessarily involves
three-dimensional random velocities. However, in practice,
the verification of the existence of random fluctuations in one
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plane only is sufficient to confirm the presence of turbulence
(STREETER and WYLIE, 1985). The intensity of the velocity
fluctuations is an important parameter used to characterise
turbulence. This index is obtained by dividing the root-mean-
square of the time-varying velocity fluctuations by the mean
velocity averaged in time and/or space (STREETER and WYLIE,
1985; CLOUTIER et al., 1996).

To achieve an accurate estimation of the turbulence down-
stream of prosthetic heart valves in vivo, a reliable method
should first be established. In the past, the hot-film anemometry
method was used to measure turbulence in pigs and humans
(HASENKAM et al., 1988; NYGAARD et al., 1992). However,
this approach requires high technical skills and can be
performed only during open heart surgery. In addition, calibra-
tion problems due to fibrin deposition on the heated sensor is a
major drawback. Other techniques, such as laser-Doppler
anemometry and particle image velocimetry are limited to in
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